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Onychomycosis is the most common cause of nail dystrophy % 
Onychomycosis is most frequently caused by dermatophytes ¥ 
Distal subungual onychomycosis is the most common type of onychomycosis % 


Marks for this submission: 1.00/1.00. 
TOPIC: Fungal Infections 


LEARNING OBJECTIVE: 
To understand the microbiology, diagnosis, and risk factors associated with common fungal infections. 


BACKGROUND: 


Onychomycosis is a fungal infection of the nail apparatus and is the single most common cause of nail 
dystrophy. The toenails are approximately 4 - 19 times more frequently affected than the fingernails, due to 
the slower growth of toenails which makes it easier for fungi to establish infection. In the majority of cases, 
onychomycosis is caused by dermatophytes (e.g, Epidermophyton floccosum, Microsporum species, 
Trichophyton species), but may also be caused by yeasts (e.g. Candida albicans) and rarely by 
nondermatophyte fungi. The most common dermatophyte responsible for onychomycosis is Trichophyton 
rubrum, followed by Trichophyton mentagrophytes. Risk factors for dermatophytic onychomycosis include 
advanced age (particularly age >40), family history, immunodeficiency (e.g. human immunodeficiency virus, 
renal transplant, use of immunosuppressants), diabetes mellitus, psoriasis, peripheral vascular disease, 
smoking, tinea pedis, frequent nail trauma, and swimming. 


Onychomycosis may be classified into 3 major subtypes. Distal subungual onychomycosis (DLSO) is the most 
common form and presents as nail thickening with white-yellowish discolouration and crumbling yellow 
debris, It is frequently associated with separation of the nail plate from the nail bed, which is known as 
onycholysis. Superficial white onychomycosis (SWO) affects children more commonly than adults. It is 
characterized by chalky, white patches on the surface of the nail plate. Proximal subungual onychomycosis 
(PSO) presents as white discolouration of the proximal nail fold beneath the nail bed. PSO is most frequently 
seen in immunocompromised patients and can be a marker for AIDS (acquired immunodeficiency syndrome). 


RATIONALE: 
Correct Answer: 


* Onychomycosis affects the fingernails more often than the toenails - The toenails are 
approximately 4 - 19 times more frequently affected than the fingernails, due to the slower growth of 
toenails which makes it easier for fungi to establish infection. 


Incorrect Answers: 


* Onychomycosis is the most common cause of nail dystrophy - Onychomycosis is a fungal infection 
of the nail apparatus and is the single most common cause of nail dystrophy. 


* Onychomycosis is most frequently caused by dermatophytes - In the majority of cases, 
onychomycosis is caused by dermatophytes, but may also be caused by yeasts and rarely by 
nondermatophyte fungi. 


Distal subungual onychomycosis is the most common type of onychomycosis - Distal subungual 
onychomycosis (DLSO) is the most common form and presents as nail thickening with white-yellowish 
discolouration and crumbling yellow debris. 
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TAKEAWAY/KEY POINTS: 


Onychomycosis is a fungal infection of the nail apparatus and is the single most common cause of nail 
dystrophy. The toenails are approximately 4 - 19 times more frequently affected than the fingernails, due to 
the slower growth of toenails which makes it easier for fungi to establish infection. Onychomycosis is most 
frequently caused by dermatophytes and distal subungual onychomycosis (DLSO) is the most common type 
of onychomycosis. 


REFERENCE: 


[1] Carver PL. Invasive Fungal Infections. In: DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG, Posey L., eds. 
Pharmacotherapy: A Pathophysiologic Approach, 10e. New York, NY: McGraw-Hill 

[2] Brown TR, Dresser LD. Superficial Fungal Infections. In: DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG, 
Posey L, eds. Pharmacotherapy: A Pathophysiologic Approach, 10e. New York, NY: McGraw-Hill. 

[3] Gupta AK, Versteeg SG, Shear NH. Onychomycosis in the 21st century: an update on diagnosis, 
epidemiology, and treatment. J Cutan Med Surg. 2017;21(6):525-39. 


The correct answer is: Onychomycosis affects the fingernails more often than the toenails 


Which of the following systemic agents is preferred for treating onychomycosis caused by nondermatophyte 
fungi? 


Select one: 
Terbinafine % 
Fluconazole % 
Itraconazole w 


Rose Wang (ID:113212) this answer is correct. Itraconazole is preferred over 
terbinafine in treating onychomycosis caused by yeasts or nondermatophyte moulds. 


Ketoconazole % 


Marks for this submission: 1.00/1.00. 


TOPIC: Fungal infections 


LEARNING OBJECTIVE: 
To understand the management of common fungal infections. 


BACKGROUND: 


Onychomycosis is a fungal infection of the nail apparatus and is the single most common cause of nail 
dystrophy. The toenails are approximately 4 - 19 times more frequently affected that the fingernails, due to 
the slower growth of toenails which makes it easier for fungi to establish infection. In the majority of cases, 
onychomycosis is caused by dermatophytes (e.g, Epidermophyton floccosum, 

Microsporum species, Trichophyton species), but may also be caused by yeasts (e.g. Candida albicans) and 
rarely by nondermatophyte fungi. The most common dermatophyte responsible for onychomycosis 

is Trichophyton rubrum, followed by Trichophyton mentagrophytes. Risk factors for dermatophytic 
onychomycosis include advanced age (particularly age >40), family history, immunodeficiency (e.g. human 
immunodeficiency virus, renal transplant, use of immunosuppressants), diabetes mellitus, psoriasis, peripheral 
vascular disease, smoking, tinea pedis, frequent nail trauma, and swimming 


Onychomycosis may be classified into 3 major subtypes. Distal subungual onychomycosis (DLSO) is the most 
common form and presents as nail thickening with white-yellowish discolouration and crumbling yellow 
debris. It is frequently associated with separation of the nail plate from the nail bed, which is known as 
onycholysis. Superficial white onychomycosis (SWO) affects children more commonly than adults. It is 
characterized by chalky, white patches on the surface of the nail plate. Proximal subungual onychomycosis 
(PSO) presents as white discolouration of the proximal nail fold beneath the nail bed. PSO is most frequently 
seen in immunocompromised patients and can be a marker for AIDS (acquired immunodeficiency syndrome). 


Non-pharmacological measures to prevent onychomycosis include wearing footwear and socks that 
minimize humidity, drying feet and interdigital spaces thoroughly after washing, keeping nails clean and cut 
short, avoiding sharing nail clippers or footwear, wearing rubber gloves to protect fingernails if hands are 
immersed in water for long periods of time, applying emollients on cracked skin to reduce entry points for 
fungus, and avoiding being barefoot in public spaces (e.g. swimming pools, gym changing rooms) to avoid 
fungal transmission. 


Topical agents to treat onychomycosis are beneficial due to lack of drug interactions, minimal systemic 
absorption, and few adverse effects. Although they are less effective than systemic agents, topical 
monotherapy may be recommended for SWO, early, mild cases of DLSO or PSO (i.e. <20% nail involvement), 
or when systemic agents are contraindicated. Recurrence of onychomycosis is common upon discontinuation 
of therapy. In patients with onycholysis, lunula involvement, multiple infected nails (i.e. >3 nails), 
unresponsive to 6 months of topical agents, or >60% of nail plate involvement, systemic agents should be 
initiated, Ciclopirox olamine 8% lacquer should be applied once daily, preferably at bedtime, to the affected 
nail and surrounding area for a duration of 48 weeks. The affected nail should be cleaned with isopropyl 
alcohol weekly and nails should be trimmed and filed after cleansing. Ciclopirox olamine is associated with 
only a 8% clinical cure rate and a 33% mycological cure rate. There is no additional benefit of combining 
ciclopirox olamine to oral terbinafine. Efinaconazole 10% topical solution should be applied to the affected 
nail and surrounding area once daily for a duration of 48 weeks. Two drops daily should be used on big 
toenails, whereas one drop can be used on other nails, Unlike with ciclopirox olamine, debridement or 
trimming is not necessary due to enhanced penetration of the formulation and removal of previously applied 
solution is also not required as there is no buildup from daily application. Efinaconazole has demonstrated 
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Systemic agents for the treatment of onychomycosis include terbinafine and azole antifungals (e.g. 
fluconazole, itraconazole, ketoconazole). Oral terbinafine is the drug of choice for onychomycosis caused by 
dermatophytes due to its higher efficacy and tolerability, as well as a lower risk of drug interactions. 
Terbinafine is associated with a clinical cure rate of 38% and a mycological cure rate of 70%. It should be 
given at a dose of 250 mg po daily for a duration of 6 - 12 weeks for fingernail onychomycosis and 12 - 24 
weeks for toenail onychomycosis. Terbinafine is a cytochrome P450 (CYP) 2D6 inhibitor and may increase 
serum concentrations of bupropion, fluoxetine, paroxetine, tramadol, and tricyclic antidepressants. 
Itraconazole is preferred over terbinafine in treating onychomycosis caused by yeasts or nondermatophyte 
moulds, Fluconazole is not officially indicated for treatment of fungal nail infections due to a relatively 
reduced efficacy, but may be considered as an alternative if there is intolerance to other agents. 
Ketoconazole is not recommended for treating onychomycosis due to lack of evidence and risk of 
hepatotoxcity. The most common adverse effects associated with systemic antifungals are mild headache, 
gastrointestinal side effects (e.g. nausea, abdominal pain, diarrhea, and skin rashes. Due to risk of 
hepatotoxicty, liver enzymes should be monitored if these agents are to be used continuously, Drug 
interactions are common with itraconazole and fluconazole, as they are both CYP 3A4 inhibitors. 


RATIONALE: 
Correct Answer: 


© Itraconazole - Itraconazole is preferred over terbinafine in treating onychomycosis caused by yeasts 
or nondermatophyte moulds. 


Incorrect Answers: 


Terbinafine - Itraconazole is preferred over terbinafine in treating onychomycosis caused by yeasts or 
nondermatophyte moulds. 


Fluconazole - Fluconazole is not officially indicated for treatment of fungal nail infections due to a 
relatively reduced efficacy, but may be considered as an alternative if there is intolerance to other 
agents. 


Ketoconazole - Ketoconazole is not recommended for treating onychomycosis due to lack of 
evidence and risk of hepatotoxicity. 


TAKEAWAY/KEY POINTS: 


Itraconazole is preferred over terbinafine in treating onychomycosis caused by yeasts or nondermatophyte 
moulds. Fluconazole is not officially indicated for treatment of fungal nail infections due to a relatively 
reduced efficacy, but may be considered as an alternative if there is intolerance to other agents. 
Ketoconazole is not recommended for treating onychomycosis due to lack of evidence and risk of 
hepatotoxicity. 


REFERENCE: 


[1] Carver PL. Invasive Fungal Infections. In: DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG, Posey L. eds. 
Pharmacotherapy: A Pathophysiologic Approach, 10e. New York, NY: McGraw-Hill 


[2] Brown TR, Dresser LD. Superficial Fungal Infections. In: DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG, 
Posey L. eds. Pharmacotherapy: A Pathophysiologic Approach, 10e. New York, NY: McGraw-Hill. 


[B] Gupta AK, Versteeg SG, Shear NH. Onychomycosis in the 21st century: an update on diagnosis, 
epidemiology, and treatment. J Cutan Med Surg. 2017;21(6):525-39. 


The correct answer is: Itraconazole 


Which of the following drugs used to treat onychomycosis has the lowest clinical cure rate? 


Select one: 
Oral itraconazole 3% 
Oral terbinafine% 
Topical efinaconazole x% 


Topical. v 


cieo Rose Wang (ID:113212) this answer is correct. Ciclopirox olamine is associated with 


only a 8% clinical cure rate and a 33% mycological cure rate. 


| Correct 
Marks for this submission: 1.00/1.00. 
TOPIC: Fungal Infections 


LEARNING OBJECTIVE: 
To understand the management of common fungal infections. 


BACKGROUND: 


Onychomycosis is a fungal infection of the nail apparatus and is the single most common cause of nail 
dystrophy. The toenails are approximately 4 - 19 times more frequently affected that the fingernails, due to 
the slower arawth of toenails which makes it easier for funai ta establish infection. In the maioritv of cases 


onychomycosis is caused by dermatophytes (e.g. Epidermophyton floccosum, 

Microsporum species, Trichophyton species), but may also be caused by yeasts (e.g. Candida albicans) and 
rarely by nondermatophyte fungi. The most common dermatophyte responsible for onychomycosis 

is Trichophyton rubrum, followed by Trichophyton mentagrophytes. Risk factors for dermatophytic 
onychomycosis include advanced age (particularly age >40), family history, immunodeficiency (e.g. human 
immunodeficiency virus, renal transplant, use of immunosuppressants), diabetes mellitus, psoriasis, peripheral 
vascular disease, smoking, tinea pedis, frequent nail trauma, and swimming 


Onychomycosis may be classified into 3 major subtypes. Distal subungual onychomycosis (DLSO) is the most 
common form and presents as nail thickening with white-yellowish discolouration and crumbling yellow 
debris. It is frequently associated with separation of the nail plate from the nail bed, which is known as 
onycholysis. Superficial white onychomycosis (SWO) affects children more commonly than adults. It is 
characterized by chalky, white patches on the surface of the nail plate. Proximal subungual onychomycosis 
(PSO) presents as white discolouration of the proximal nail fold beneath the nail bed. PSO is most frequently 
seen in immunocompromised patients and can be a marker for AIDS (acquired immunodeficiency syndrome). 


Non-pharmacological measures to prevent onychomycosis include wearing footwear and socks that 
minimize humidity, drying feet and interdigital spaces thoroughly after washing, keeping nails clean and cut 
short, avoiding sharing nail clippers or footwear, wearing rubber gloves to protect fingernails if hands are 
immersed in water for long periods of time, applying emollients on cracked skin to reduce entry points for 
fungus, and avoiding being barefoot in public spaces (e.g. swimming pools, gym changing rooms) to avoid 
fungal transmission. 


Topical agents to treat onychomycosis are beneficial due to lack of drug interactions, minimal systemic 
absorption, and few adverse effects. Although they are less effective than systemic agents, topical 
monotherapy may be recommended for SWO, early, mild cases of DLSO or PSO (i.e. <20% nail involvement), 
or when systemic agents are contraindicated. Recurrence of onychomycosis is common upon discontinuation 
of therapy. In patients with onycholysis, lunula involvement, multiple infected nails (i.e. >3 nails), 

absorption, and few adverse ettects. Although they are less effective than systemic agents, topical 
monotherapy may be recommended for SWO, early, mild cases of DLSO or PSO (i.e. <20% nail 

involvement), or when systemic agents are contraindicated. Recurrence of onychomycosis is common upon 
discontinuation of therapy. In patients with onycholysis, lunula involvement, multiple infected nails (i.e. >3 
nails), unresponsive to 6 months of topical agents, or >60% of nail plate involvement, systemic agents 
should be initiated. Ciclopirox olamine 8% lacquer should be applied once daily, preferably at bedtime, to 
the affected nail and surrounding area for a duration of 48 weeks, The affected nail should be cleaned with 
isopropyl alcohol weekly and nails should be trimmed and filed after cleansing, Ciclopirox olamine is 
associated with only a 8% clinical cure rate and a 33% mycological cure rate. There is no additional benefit 
of combining ciclopirox olamine to oral terbinafine. Efinaconazole 10% topical solution should be applied 

to the affected nail and surrounding area once daily for a duration of 48 weeks. Two drops daily should be 
used on big toenails, whereas one drop can be used on other nails. Unlike with ciclopirox olamine, 
debridement or trimming is not necessary due to enhanced penetration of the formulation and removal of 
previously applied solution is also not required as there is no buildup from daily application. Efinaconazole 
has demonstrated higher clinical cure rates of 17% and mycological cure rates of 54%. 


Systemic agents for the treatment of onychomycosis include terbinafine and azole antifungals (e.g. 
fluconazole, itraconazole, ketoconazole). Oral terbinafine is the drug of choice for onychomycosis caused 
by dermatophytes due to its higher efficacy and tolerability, as well as a lower risk of drug interactions. 
Terbinafine is associated with a clinical cure rate of 38% and a mycological cure rate of 70%. It should be 
given at a dose of 250 mg po daily for a duration of 6 - 12 weeks for fingernail onychomycosis and 12 - 24 
weeks for toenail onychomycosis. Terbinafine is a cytochrome P450 (CYP) 2D6 inhibitor and may increase 
serum concentrations of bupropion, fluoxetine, paroxetine, tramadol, and tricyclic antidepressants. 
Itraconazole is preferred over terbinafine in treating onychomycosis caused by yeasts or nondermatophyte 
moulds. Fluconazole is not officially indicated for treatment of fungal nail infections due to a relatively 
reduced efficacy, but may be considered as an alternative if there is intolerance to other agents. 
Ketoconazole is not recommended for treating onychomycosis due to lack of evidence and risk of 
hepatotoxcity. The most common adverse effects associated with systemic antifungals are mild headache, 
gastrointestinal side effects (e.g. nausea, abdominal pain, diarrhea, and skin rashes. Due to risk of 
hepatotoxicty, liver enzymes should be monitored if these agents are to be used continuously. Drug 
interactions are common with itraconazole and fluconazole, as they are both CYP 3A4 inhibitors. 


RATIONALE: 


Correct Answer: 


* Topical ciclopirox - Ciclopirox olamine is associated with only a 8% clinical cure rate and a 33% 
mycological cure rate. 


Incorrect Answers: 
e Oral itraconazole - This agent does not have the lowest clinical cure rate. 
œ Oral terbinafine - This agent does not have the lowest clinical cure rate. 


* Topical efinaconazole - Out of the options provided, this agent does not have the lowest clinical 
cure rate. 


TAKEAWAY/KEY POINTS: 


Ciclopirox olamine is associated with only a 8% clinical cure rate and a 33% mycological cure rate. 
Efinaconazole has demonstrated higher clinical cure rates of 17% and mycological cure rates of 54% 
Systemic antifungal agents are more effective in achieving clinical cure than topical agents. 


REFERENCE: 


[1] Carver PL, Invasive Fungal Infections. In: DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG, Posey L. eds. 
Pharmacotherapy: A Pathophysiologic Approach, 10e. New York, NY: McGraw-Hill. 


[2] Brown TR, Dresser LD. Superficial Fungal Infections. In: DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells 
BG, Posey L. eds. Pharmacotherapy: A Pathophysiologic Approach, 10e. New York, NY: McGraw-Hill. 


[B] Gupta AK, Versteeg SG, Shear NH. Onychomycosis in the 21st century: an update on diagnosis, 
epidemiology, and treatment. J Cutan Med Surg. 2017;21(6):525-39. 


[4] Miller P. Funaal Nail Infections. In: Compendium of Therapeutic Choices. Ottawa. ON: Canadian 
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Pharmacists Association. 
The correct answer is: Topical ciclopirox 


All of the following are correct statements regarding fluconazole EXCEPT: 


Select one: 


Fluconazole:100- 200 mg po daily for 7 - 14 days is used for moderate to severe oral candidiasis * 
Fluconazole is considered the drug of choice for treatment of oral candidiasis in HIV patients % 
Fluconazole may be given parenterally in patients who are unable to receive oral therapy * 
Fluconazole is {v ez 
conata Rose Wang (ID:113212) this answer is correct. Fluconazole has clinically 
patients taking significant drug interactions with a number of drugs (e.g. rifampin, 


warfarin, phenytoin, cyclosporine). However, it is not contraindicated in 


warfarin or 
patients taking warfarin or phenytoin. 


phenytoin 


Marks for this submission: 1.00/1.00. 
TOPIC: Fungal Infections 


LEARNING OBJECTIVE: 
To understand the management of common fungal infections. 


BACKGROUND: 


Oropharyngeal candidiasis, also known as thrush, is a localized infection of the oral mucosa caused by 
Candida species. Candida albicans is the most common causative pathogen of thrush and is also a common 
oral commensal fungus. It is also the most common cause of esophageal candidiasis. However, other non- 
Candida albicans species can cause oropharyngeal and esophageal candidiasis as well (e.g., C. glabrata, C. 
tropicalis, C. krusei, C. parapsilosis). In some cases, oropharyngeal candidiasis may extend into the 
esophagus, resulting in esophageal candidiasis. 


Risk factors associated with the development of oropharyngeal and esophageal candidiasis include use of 
steroids and antibiotics, dentures, drug-induced xerostomia, head and neck radiotherapy, bone marrow 
transplant, smoking, disruption of oral mucosa caused by chemotherapy, ulcers, endotracheal intubation 
trauma, and burns. Immunosuppressed patients are also at higher risk of candidiasis (e.g. patients infected 
with human immunodeficiency virus, patients taking immunosuppressants, neonates, elderly patients, 
cancer patients, patients with nutritional deficiencies). Oropharyngeal candidiasis is the most common 
opportunistic infection in HIV (human immunodeficiency virus) patients. 


Symptoms of thrush include sore mouth, burning tongue, metallic taste, dysphagia, and odynaphagia. 
Signs of thrush include diffuse erythema, as welll as white patches on the surfaces of the buccal mucosa, 
throat, tongue, or gums. Patients with esophageal candidiasis may also have constitutional signs (e.g. 
fever). Scraping an active lesion for microscopic examination can assist in confirming the diagnosis of 
thrush if the presence of pseudohyphae and budding yeast is seen, but it is generally not necessary. This is 
because isolation of Candida species does not distinguish between colonization and true infection, but 
cultures can be sent in those who are responding poorly to antifungal treatment. For suspected esophageal 
candidiasis, upper gastrointestinal endoscopy should ideally be done. The diagnosis can be confirmed by 
the histologic presence of Candida species in biopsy lesions taken during the procedure. It can also help 
exclude other causes of esophagitis (e.g, viral esophagitis, aphthous ulcers). 


It is important to initiate antifungal treatment in patients with oropharyngeal candidiasis to prevent 
progression to esophageal candidiasis, particularly in immunocompromised patients. Esophageal 
candidiasis is very debilitating and can result in decreased nutritional and fluid intake. A test of cure is not 
necessary given that Candida species are part of the normal oral flora. If possible, predisposing factors such 
as use of corticosteroids, chemotherapy, and smoking should be minimized. Patients should also be 
advised to practice proper oral hygiene. 


Topical antifungals are generally first-line for milder forms of oropharyngeal candidiasis. The most 
commonly used treatment for uncomplicated cases of thrush is nystatin suspension 500,000 units swish 
and swallow 4 times daily for a duration of 7-14 days. Nystatin is well tolerated and does not interact with 
other medications since itis largely not absorbed from the gastrointestinal tract when administered orally. 
There are no clinically significant drug interactions with nystatin, and resistance of fungi to polyenes is rare. 
Historically, topical gentian violet solution was commonly used for the treatment of oral candidiasis. 
However, this agent causes mucosal irritation, ulceration, and staining, which makes it difficult to assess for 
therapeutic progress and also reduces patient adherence. Thus, it is rarely used nowadays and not 
recommended as first-line therapy. 


Azoles are recommended as second-line options due to increasing rates of azole-resistant Candida species. 
Oral fluconazole at a dose of 100-200 mg daily for 7-14 days is the most commonly recommended azole 
and is recommended for moderate to severe oral candidiasis. In patients who are unable to tolerate oral 
therapy, fluconazole can also be administered IV. Fluconazole is considered the drug of choice for 
treatment of oral candidiasis in HIV patients. Fluconazole has clinically significant drug interactions with a 
number of drugs (e.g rifampin, warfarin, phenytoin, cyclosporine). In cases of fluconazole resistance, oral 
posaconazole or itraconazole can be used as effective alternatives. 


RATIONALE: 
Correct Answer: 


* Fluconazole is contraindicated in patients taking warfarin or phenytoin - Fluconazole has 
clinically significant drug interactions with a number of druas (e.a., rifampin, warfarin, phenytoin, 
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cyclosporine). However, it is not contraindicated in patients taking warfarin or phenytoin. 


Incorrect Answers: 


* Fluconazole 100-200 mg po daily for 7-14 days is used for moderate to severe oral candidiasis 
- Oral fluconazole at a dose of 100-200 mg daily for 7-14 days is the most commonly recommended 
azole and is recommended for moderate to severe oral candidiasis. 


Fluconazole is considered the drug of choice for treatment of oral candidiasis in HIV patients - 
HIV (human immunodeficiency virus) patients should be prescribed fluconazole for treatment of oral 
candidiasis. 


Fluconazole may be given parenterally in patients who are unable to receive oral therapy - In 
patients who are unable to tolerate oral therapy, fluconazole can also be administered IV. 


TAKEAWAY/KEY POINTS: 


Oral fluconazole at a dose of 100-200 mg daily for 7-14 days is the most commonly recommended azole 
for moderate to severe oral candidiasis and may also be administered IV. Fluconazole is considered the 
drug of choice for treatment of oral candidiasis in HIV patients. Fluconazole has clinically significant drug 
interactions with a number of drugs (e.g., rifampin, warfarin, phenytoin, cyclosporine) 


REFERENCE: 


[1] Carver PL. Invasive Fungal Infections. In: DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG, Posey L., eds. 
Pharmacotherapy: A Pathophysiologic Approach, 10e. New York, NY: McGraw-Hill. 


[2] Brown TR, Dresser LD. Superficial Fungal Infections. In: DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells 
BG, Posey L, eds. Pharmacotherapy: A Pathophysiologic Approach, 10e. New York, NY: McGraw-Hill. 


The correct answer is: Fluconazole is contraindicated in patients taking warfarin or phenytoin 


Which of the following organisms is the most common cause of candidemia? 


Select one: 


Candida ¥ 


aise Rose Wang (ID:113212) this answer is correct. Candida albicans is the most common 


pathogen that causes candidemia, but has been a recent increase in rates of non- 
Candida albicans infection. 

Candida krusei % 

Candida glabrata % 


Candida tropicalis * 


Marks for this submission: 1.00/1.00. 
TOPIC: Fungal Infections 


LEARNING OBJECTIVE: 


To understand the microbiology and risk factors associated with common fungal infections. 


BACKGROUND: 


Invasive Candida infections are most commonly associated with candidemia, which refers to the presence 
of Candida species in the blood. The growth of Candida species in a blood culture always requires 
treatment with an appropriate antifungal agent and should never be viewed as a contaminant. Although 
Candida albicans is the most common pathogen that causes candidemia, there has been a recent increase 
in rates of non-Candida albicans infection. Candidemia typically occurs in immunosuppressed patients and 
patients admitted to the intensive care unit. Risk factors for candidemia include patients with hematologic 
malignancies, solid organ or hematopoietic stem cell transplant recipients, and patients undergoing 
chemotherapy. Other risk factors include central venous catheters, total parenteral nutrition, broad- 
spectrum antibiotic use, acute renal failure, prior abdominal surgery, and gastrointestinal tract perforations. 


RATIONALE: 
Correct Answer: 


e Candida albicans - Candida albicans is the most common pathogen that causes candidemia, but 
there has been a recent increase in rates of non-Candida albicans infection. 


Incorrect Answers: 


e Candida krusei - Candida albicans is the most common pathogen that causes candidemia, but there 
has been a recent increase in rates of non-Candida albicans infection. 


* Candida glabrata - Candida albicans is the most common pathogen that causes candidemia, but 
there has been a recent increase in rates of non-Candida albicans infection. 


e Candida tropicalis - Candida albicans is the most common pathogen that causes candidemia, but 
there has been a recent increase in rates of non-Candida albicans infection. 


TAKEAWAY/KEY POINTS: 


Candida albicans is the most common pathogen that causes candidemia, but there has been a recent 
increase in rates of non-Candida albicans infection. 
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The correct answer is: Candida albicans 
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Select one: 
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Epidermophyton floccosum *% 


Trichophyton w” 
rubrum 
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Rose Wang (ID:113212) this answer is correct. In the majority of cases, 
onychomycosis is caused by dermatophytes, but may also be caused by yeasts and 
rarely by nondermatophyte fungi. The most common dermatophyte responsible for 
onychomycosis is Trichophyton rubrum, followed by Trichophyton 


mentagrophytes. 


Candida albicans * 


Trichophyton mentagrophytes % 


| Correct 
Marks for this submission: 1.00/1.00. 
TOPIC: Fungal Infections 


LEARNING OBJECTIVE: 
To understand the microbiology, diagnosis, and risk factors associated with common fungal infections. 


BACKGROUND: 


Onychomycosis is a fungal infection of the nail apparatus and is the single most common cause of nail 
dystrophy. The toenails are approximately 4 - 19 times more frequently affected than the fingernails, due to 
the slower growth of toenails, which makes it easier for fungi to establish infection. In the majority of cases, 
onychomycosis is caused by dermatophytes (e.g. Epidermophyton floccosum, Microsporum species, 
Trichophyton species), but may also be caused by yeasts (e.g., Candida albicans) and rarely by 
nondermatophyte fungi. The most common dermatophyte responsible for onychomycosis is Trichophyton 
rubrum, followed by Trichophyton mentagrophytes. Risk factors for dermatophytic onychomycosis include 
advanced age (particularly age >40), family history, immunodeficiency (e.g., human immunodeficiency virus, 
renal transplant, use of immunosuppressants), diabetes mellitus, psoriasis, peripheral vascular disease, 
smoking, tinea pedis, frequent nail trauma, and swimming. 


Onychomycosis may be classified into 3 major subtypes. Distal subungual onychomycosis (DLSO) is the 
most common form and presents as nail thickening with white-yellowish discoloration and crumbling 
yellow debris, It is frequently associated with separation of the nail plate from the nail bed, which is known 
as onycholysis. Superficial white onychomycosis (SWO) affects children more commonly than adults. It is 
characterized by chalky, white patches on the surface of the nail plate. Proximal subungual onychomycosis 
(PSO) presents as white discoloration of the proximal nail fold beneath the nail bed. PSO is most frequently 
seen in immunocompromised patients and can be a marker for AIDS (acquired immunodeficiency 
syndrome). 


RATIONALE: 
Correct Answer: 


* Trichophyton rubrum - In the majority of cases, onychomycosis is caused by dermatophytes, but 
may also be caused by yeasts and rarely by nondermatophyte fungi. The most common 
dermatophyte responsible for onychomycosis is Trichophyton rubrum, followed by Trichophyton 
mentagrophytes. 


Incorrect Answers: 


* Epidermophyton floccosum - In the majority of cases, onychomycosis is caused by dermatophytes, 
but may also be caused by yeasts and rarely by nondermatophyte fungi. The most common 
dermatophyte responsible for onychomycosis is Trichophyton rubrum, followed by Trichophyton 
mentagrophytes. 


Candida albicans - In the majority of cases, onychomycosis is caused by dermatophytes, but may 
also be caused by yeasts and rarely by nondermatophyte fungi. The most common dermatophyte 
responsible for onychomycosis is Trichophyton rubrum, followed by Trichophyton mentagrophytes. 


Trichophyton mentagrophytes - In the majority of cases, onychomycosis is caused by 
dermatonhvtes. but mav also be caused bv veasts and rarelv by nondermatanhvte funai. The most 
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Correct 


common dermatophyte responsible for onychomycosis is Trichophyton rubrum, followed by 
Trichophyton mentagrophytes. 


TAKEAWAY/KEY POINTS: 


In the majority of cases, onychomycosis is caused by dermatophytes (e.g., Epidermophyton floccosum, 
Microsporum species, Trichophyton species), but may also be caused by yeasts (e.g., Candida albicans) and 
rarely by nondermatophyte fungi. The most common dermatophyte responsible for onychomycosis is 
Trichophyton rubrum, followed by Trichophyton mentagrophytes. 
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The correct answer is: Trichophyton rubrum 


Which of the following is NOT an adverse effect associated with voriconazole? 


Select one: 
Vision changes X 
Neurologic toxicity ¥ 


Increased {v 


E E recurs Rose Wang (ID:113212) this answer is correct. This is not an adverse 


reaction associated with voriconazole. 


Alopecia ® 


Marks for this submission: 1.00/1.00. 
TOPIC: Fungal Infections 


LEARNING OBJECTIVE: 
To understand the management of common fungal infections. 


BACKGROUND: 


Invasive Candida infections are most commonly associated with candidemia, which refers to the presence 
of Candida species in the blood, The growth of Candida species in a blood culture always requires 
treatment with an appropriate antifungal agent and should never be viewed as a contaminant. Removal of 
a catheter alone should never be assumed to be adequate therapy for treatment of candidemia. A positive 
blood culture for Candida species is the gold standard for the diagnosis of candidemia and should be 
obtained in all patients with suspected candidemia. The clinical presentation of candidemia varies from a 
low-grade fever to a full-blown sepsis syndrome that is indistinguishable from a severe bacterial infection. 
Upon physical examination, patients with hematogenous spread of Candida may exhibit characteristic eye 
lesions (e.g. chorioretinitis with or without vitritis), skin lesions, and sometimes muscle abscesses. Although 
Candida albicans is the most common pathogen that causes candidemia, there has been a recent increase 
in rates of non-Candida albicans infection. 


Candida is generally acquired through the gastrointestinal tract but may also enter the bloodstream via 
central venous catheters. Candidemia typically occurs in immunosuppressed patients and patients admitted 
to the intensive care unit. Risk factors for candidemia include patients with hematologic malignancies, solid 
organ or hematopoietic stem cell transplant recipients, and patients undergoing chemotherapy. Other risk 
factors include central venous catheters, total parenteral nutrition, broad-spectrum antibiotic use, acute 
renal failure, prior abdominal surgery, and gastrointestinal tract perforations. 


The most common antifungal agents used to treat candidemia are the echinocandins (e.g. caspofungin, 
micafungin) and fluconazole, Amphotericin B is associated with a higher risk of toxicity, so it is less well 
tolerated than fluconazole and echinocandins. Caspofungin is given as a 70 mg loading dose, then 50 mg 
IV daily, and micafungin is dosed at 100 mg IV daily with no loading dose. Adverse effects associated with 
echinocandins are generally mild and include fever, headache, thrombophlebitis, and elevated liver 
enzymes. Unlike fluconazole, echinocandins do not require dosage adjustment in patients with renal 
impairment. None of the echinocandins serve as substrates, inhibitors, or inducers of cytochrome P450 
(CYP) enzymes or the P-glycoprotein transport system. Echinocandins are only available in IV formulations 
unlike the azoles, Some C. glabrata isolates are resistant to fluconazole, and all C. krusei isolates are 
resistant to fluconazole. Thus, an echinocandin is preferred for treatment of candidemia due to C. glabrata 
and C. krusei. Lipid formulation amphotericin B dosed at 3 - 5 mg/kg IV daily may be considered as an 
alternative if there is intolerance, limited availability, or resistance to other antifungals. Liposomal 
amphotericin B does not require dosage adjustment in renal impairment. 


In patients who are not critically ill and are unlikely to have a fluconazole-resistant organism (e.g. C. 
glabrata, C. krusei), fluconazole can be used. It is given as an 800 mg loading dose. followed by 400 mg 
PO/IV daily. Oral fluconazole therapy is appropriate for most patients since fluconazole is highly 
bioavailable. However, IV therapy should be administered to patients who are severely ill, unable to take 
oral medications, or are not expected to have good gastrointestinal absorption. Hepatotoxicity is associated 
with all azoles, which may range from mild elevations in liver enzymes to hepatitis or liver failure. Thus, 
careful monitoring of liver enzymes is recommended for all patients receiving an azole. Voriconazole may 
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be considered as an alternative to an echinocandin tor treatment ot C. glabrata or C. krusei candidemia, but 
there is likely some cross-resistance between fluconazole and voriconazole among C. glabrata isolates. 
Voriconazole is dosed at 400 mg PO/IV BID for 2 doses, then 200 mg PO/IV BID. Voriconazole is associated 
with several unique adverse effects, including transient alterations in vision, neurologic toxicity, 
photosensitivity reactions, and alopecia. Periostitis may also occur in patients who have been on prolonged 
voriconazole therapy for many months. Due to potential nephrotoxicity, the manufacturer recommends 
that IV voriconazole be avoided in patients with CrCl <50 mL/min. There are significant CYP interactions 
with the azoles (e.g. fluconazole inhibits CYP 2C19, CYP 2C9, and CYP 3A4). Concomitant use of azoles and 
CYP 3A4 substrates (e.g. apixaban, rivaroxaban, simvastatin, methadone, tacrolimus) may result in increased 
serum concentrations of these drugs. 


After 5 - 7 days, patients who are clinically stable, have Candida isolates susceptible to fluconazole, and 
who have negative repeat blood cultures can be stepped down to oral fluconazole. In patients with C. 
krusei candidemia, voriconazole is recommended as oral step-down therapy, Repeat blood cultures should 
be collected daily or every other day after initiating antifungal therapy to determine the date of 
sterilization. If blood cultures remain positive, then further investigation for a metastatic focus (e. 
endocarditis, abscess) should be undertaken, Although the appropriate duration of therapy has not been 
thoroughly studied, a minimum of 14 days of therapy after blood cultures become negative is 
recommended by the Infectious Diseases Society of America (IDSA). Patients with a metastatic focus of 
infection (e.g. eye, heart, bone) require a longer duration of therapy. All patients with candidemia, 
regardless of symptoms, should have an ophthalmologic examination done to investigate for evidence of 
endophthalmitis, Central venous catheters should be removed promptly if possible from most patients with 
candidemia. 


RATIONALE: 
Correct Answer: 


e Increased intraocular pressure - This is not an adverse reaction associated with voriconazole. 


Incorrect Answers: 


* Vision changes - Voriconazole is associated with several unique adverse effects, including transient 
alterations in vision, neurologic toxicity, photosensitivity reactions, and alopecia. 


e Neurologic toxicity - Voriconazole is associated with several unique adverse effects, including 
transient alterations in vision, neurologic toxicity, photosensitivity reactions, and alopecia. 


* Alopecia - Voriconazole is associated with several unique adverse effects, including transient 
alterations in vision, neurologic toxicity, photosensitivity reactions, and alopecia. 


TAKEAWAY/KEY POINTS: 


Voriconazole is associated with several unique adverse effects, including transient alterations in vision, 
neurologic toxicity, photosensitivity reactions, and alopecia. 
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The correct answer is: Increased intraocular pressure 


What is the gold standard for diagnosis of candidemia? 


Select one: 


Positive urine culture % 


Positive v 7 
kad Rose Wang (ID:113212) this answer is correct. A positive blood culture for Candida 
RR, species is the gold standard for the diagnosis of candidemia and should be obtained in 


all patients with suspected candidemia. 


Positive skin biopsy * 
Echocardiography % 
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TOPIC: Fungal Infections 


LEARNING OBJECTIVE: 
To understand the microbiology, diagnosis, and risk factors associated with common fungal infections. 


BACKGROUND: 


Invasive Candida infections are most commonly associated with candidemia, which refers to the presence 
of Candida species in the blood. The growth of Candida species in a blood culture always requires 
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blood culture for Candida species is the gold standard for the diagnosis of candidemia and should be 
obtained in all patients with suspected candidemia. The clinical presentation of candidemia varies from a 
low-grade fever to a full-blown sepsis syndrome that is indistinguishable from a severe bacterial infection. 
Upon physical examination, patients with hematogenous spread of Candida may exhibit characteristic eye 
lesions (e.g. chorioretinitis with or without vitritis), skin lesions, and sometimes muscle abscesses. Although 
Candida albicans is the most common pathogen that causes candidemia, there has been a recent increase 
in rates of non-Candida albicans infection. 


Candida is generally acquired through the gastrointestinal tract but may also enter the bloodstream via 
central venous catheters. Candidemia typically occurs in immunosuppressed patients and patients admitted 
to the intensive care unit. Risk factors for candidemia include patients with hematologic malignancies, solid 
organ or hematopoietic stem cell transplant recipients, and patients undergoing chemotherapy. Other risk 
factors include central venous catheters, total parenteral nutrition, broad-spectrum antibiotic use, acute 
renal failure, prior abdominal surgery, and gastrointestinal tract perforations. 


RATIONALE: 
Correct Answer: 


e Positive blood culture - A positive blood culture for Candida species is the gold standard for the 
diagnosis of candidemia and should be obtained in all patients with suspected candidemia. 


Incorrect Answers: 


* Positive urine culture - A positive blood culture for Candida species is the gold standard for the 
diagnosis of candidemia and should be obtained in all patients with suspected candidemia. 


opsy - A positive blood culture for Candida species is the gold standard for the 
diagnosis of candidemia and should be obtained in all patients with suspected candidemia. 


* Echocardiography - A positive blood culture for Candida species is the gold standard for the 
diagnosis of candidemia and should be obtained in all patients with suspected candidemia. 


TAKEAWAY/KEY POINTS: 


A positive blood culture for Candida species is the gold standard for the diagnosis of candidemia and 
should be obtained in all patients with suspected candidemia. 
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The correct answer is: Positive blood culture 


Which of the following yeast organisms are most likely to cause fingernail onychomycosis? 


Select one: 
Candida kefyr ® 
Candida v 
albicans Rose Wang (ID:113212) this answer is correct. Candida albicans is the most 


predominant yeast that causes fingernail onychomycosis. 


Candida auris * 
Candida krusei % 


| Correct 
Marks for this submission: 1.00/1.00. 
TOPIC: Fungal nail infections 


LEARNING OBJECTIVE: 
To identify the most common genus and species that cause fingernail onychomycosis. 


BACKGROUND: 


Onychomycosis is a fungal nail infection that is caused primarily by dermatophytes (Epidermophyton, 
Microsporum and Trichophyton genera). These infections are occasionally caused by yeasts (predominantly 
Candida albicans) and rarely by non-dermatophyte moulds. 


RATIONALE: 
Correct Answer: 


* Candida albicans - Candida albicans is the most predominant yeast that causes fingernail 
onychomycosis. 


Question # 40 


Incorrect Answers: 
e Candida kefyr - Candida kefyr is not likely to cause fingemail infections. 
* Candida auris - Candida auris is not likely to cause fingernail infections. 


e Candida krusei - Candida krusei is not likely to cause fingernail infections. 


TAKEAWAY/KEY POINTS: 
Most yeast-related fingernail onychomycosis infections are caused by Candida albicans. 


REFERENCE: 


[1] Goldstein A. Onychomycosis. In UpToDate. Updated April 2016. Accessed February 2017. 

[2] Miller P. Dermatologic Conditions: Fungal Nail Infections (Onychomycosis). E-Therapeutics-Minor 
Ailments. Updated April 2016. Accessed February 2017. 

[3] Toenail Fungus. APMA: American Podiatric Medical Association; 201. Accessed February 2017. 
http://www.apma.org/Learn/FootHealth.cfm?ItemNumber=1523 

[4] DiPiro JT, Talbert RL, Yee GC, et al. Chapter 98: Superficial Fungal Infections, Pharmacotherapy: A 
Pathophysiologic Approach. 9ed. McGraw-Hill: 2014 

[5] Ajello, L. 15714 Onychomycosis. CDC-PHIL; 1972. Accessed July 2014. 

[6] CDC. 14711 Dermatophyte Culture. CDC-PHIL; 1971. Accessed July 2014. 

[7] Canadian Pharmaceutical Association. ‘Fungal Nail Infections’. Therapeutic Choices, 7th edition. 2014. 


The correct answer is: Candida albicans 


What is the most common pathogen responsible for causing esophageal candidiasis? 


Select one: 


Candida parapsilosis % 
Candida krusei ® 
Candida tropicalis % 


Candida 


albicans Rose Wang (ID:113212) this answer is correct. Candida albicans is the most common 


causative pathogen of thrush and is also a common oral commensal fungus. It is also 
the most common cause of esophageal candidiasis, 
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TOPIC: Fungal Infections 


LEARNING OBJECTIVE: 


To understand the diagnosis, clinical presentation, and risk factors associated with common fungal 
infections. 


BACKGROUND: 


Oropharyngeal candidiasis, also known as thrush, is a localized infection of the oral mucosa caused by 
Candida species. Candida albicans is the most common causative pathogen of thrush and is also a common 
oral commensal fungus. It is also the most common cause of esophageal candidiasis. However, other non- 
Candida albicans species can cause oropharyngeal and esophageal candidiasis as well (e.g, C. glabrata, C. 
tropicalis, C. krusei, C. parapsilosis). In some cases, oropharyngeal candidiasis may extend into the 
esophagus, resulting in esophageal candidiasis. 


Risk factors associated with the development of oropharyngeal and esophageal candidiasis include the use 
of steroids and antibiotics, dentures, drug-induced xerostomia, head and neck radiotherapy, bone marrow 
transplant, smoking, disruption of oral mucosa caused by chemotherapy, ulcers, endotracheal intubation 
trauma, and burns. Immunosuppressed patients are also at higher risk of candidiasis (e.g. patients infected 
with human immunodeficiency virus, patients taking immunosuppressants, neonates, elderly patients, 
cancer patients, patients with nutritional deficiencies). Oropharyngeal candidiasis is the most common 
opportunistic infection in HIV patients. 


Symptoms of thrush include sore mouth, burning tongue, metallic taste, dysphagia, and odynophagia. 
Signs of thrush include diffuse erythema, as well as white patches on the surfaces of the buccal mucosa, 
throat, tongue, or gums. Patients with esophageal candidiasis may also have constitutional signs (eg., 
fever). Scraping an active lesion for microscopic examination can assist in confirming the diagnosis of 
thrush if the presence of pseudohyphae and budding yeast is seen, but is generally not necessary. This is 
because isolation of Candida species does not distinguish between colonization and true infection, but 
cultures can be sent in those who are responding poorly to antifungal treatment. For suspected esophageal 
candidiasis, upper gastrointestinal endoscopy should ideally be done. The diagnosis can be confirmed by 
the histologic presence of Candida species in biopsy lesions taken during the procedure. It can also help 
exclude other causes of esophagitis (e.g. viral esophagitis, aphthous ulcers). 


It is important to initiate antifungal treatment in patients with oropharyngeal candidiasis to prevent 
progression to esophageal candidiasis, particularly in immunocompromised patients. Esophageal 
candidiasis is very debilitating and can result in decreased nutritional and fluid intake. A test of cure is not 
necessary given that Candida species are part of the normal oral flora. If possible, predisposing factors such 
as the use of corticosteroids, chemotherapy, and smoking, should be minimized. Patients should also be 
advised to practice proper oral hygiene. 


RATIONALE: 
Correct Answer: 


* Candida albicans - Candida albicans is the most common causative pathogen of thrush and is also 
a common oral commensal fungus. It is also the most common cause of esophageal candidiasis. 


Incorrect Answers: 


* Candida parapsilosis - Candida albicans is the most common causative pathogen of thrush and is 
also a common oral commensal fungus. It is also the most common cause of esophageal candidiasis. 


* Candida krusei - Candida albicans is the most common causative pathogen of thrush and is also a 
common oral commensal fungus. It is also the most common cause of esophageal candidiasis. 


e Candida tropicalis - Candida albicans is the most common causative pathogen of thrush and is also 
a common oral commensal fungus. It is also the most common cause of esophageal candidiasis. 


TAKEAWAY/KEY POINTS: 


Candida albicans is the most common causative pathogen of thrush and is also a common oral commensal 
fungus. It is also the most common cause of esophageal candidiasis. However, other non-Candida albicans 
species can cause oropharyngeal and esophageal candidiasis as well (e.g. C. glabrata, C. tropicalis, C. krusei, 


C. parapsilosis). 
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The correct answer is: Candida albicans 
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